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Afforestation of marginalagricultural land in the Lower Mississippi Alluvial Valley
(LMAV) relies on nativespecies,plantedmostly in single-speciesplantations.Hard
mastspeciessuchasoakandpecanarefavoredfor their valueto wildlife, especiallyon
public land. Successfulafforestationrequiresanunderstandingof site variationwithin
floodplainsandmatchingspeciespreferencesandtolerancesto site characteristics,in
particularto inundationregimes.Soil physicalconditions,root aeration,nutrientavail-
ability, andmoistureavailability duringthegrowing seasonalso mustbeconsideredin
matchingspeciesto site. Afforestationmethodsinclude planting seedlingsor cuttings,
anddirect-seeding.Both methodscan bedoneby handor bymachine.If good quality
seedlingsare planted properly and well cared for before planting, the chancesfor
successfulestablishmentarehigh but completefailuresdo occur. Mortality and poor
growthare causedby manyfactors:extendedpost-plantingdroughtor flooding; poor
planting or seedingpractices;poorquality seedor seedlings;animal depredation;or
herbicidedrift fromaerialapplicationto nearbycropland.Morespeciescanbeplanted,
even on continuouslyflooded sites. Direct-seeding,while limited to heavy-seeded
species(oaksandhickories),costslessthan 50 % of plantingseedlings.Growth varies
considerablyby soil type; mostbottomlandhardwoodsgrow beston silt loam andless
well on clay soils.Up to 200000ha of landin the LMAV subjectto spring andearly
summerbackwaterflooding couldbeafforestedoverthenextdecade.

Keywords bottomland hardwoods,direct-seeding,Liquidambar sryraciflua, Fraxinus
peansylvanica,Populusdeltoides,Quercusnunaliji, Quercusnigra
Authors~ addressesUSDA Forest Service, SouthernResearchStation, P.O. Box 227,
Stoneville,MS 38776,USA
Fax + 1 601 6863195 E-mail jstanturfsrsstoneville@fs.fed.us
Accepted2 July 1998

281



Silva Fennka 32(3)

1 Introduction

Forestedwetlandsin thesouthernUnited States
mostlyoccurin thefloodplainsof majorriversand
theirtributarieswithin abroadcoastalplain stretch-
ingfrom TexastoVirginia. Occupyingalmost13
million hain thesouthernUnitedStates,theimpor-
tanceto societyof thesefloodplain forestsis well
documented(Whartonet al. 1982).Nevertheless,
the presentextent of forestedwetlandsin the
UnitedStatesis lessthanone-thirdoftheir extent
before Europeansettlement.Two-thirds of the
annual lossesof wetlandsin the conterminous
United Statesoccurin forestedwetlands,prima-
rily in theSouth(Wilen andFrayer1990).Conver-
sionto agricultureby clearinganddraining has
been the major cause of forestedwetland loss
(McWilliams andRosson1990).Of anestimated
8.5 to 9.5million habefore1780,only two million
haof forestedwetlandsremainin thefloodplainof
the lower MississippiRiver (MacDonaldet al.
1979,Turneret al. 1981,TheNatureConservan-
cy 1992).Forestedwetlandlossesin otherpartsof
thesouthernU.S.arejustasstriking(Tanseyand
Cost 1990,HefnerandDahI 1993).

The Lower Mississippi Alluvial Valley
(LMAV) oncesupportedthe largestexpanseof
forestedwetlandsin theUnited States.Richallu-
vial soils receivedperiodic sedimentadditions
from theworld’s third largestriver andsupport-
ed highly productiveecosystems(Putnamet al.
1960,HarrisandGosselink1990).Extensivear-
easof bottomlandhardwoodforestswere found
in the floodplainsof tributariesof theMississip-
pi andotherlargeriversof thesoutheasternUnited

Statesthat drainedinto theGulf of Mexicoand
the Atlantic Ocean.TheLMAV hasundergone
the most widespreadloss of bottomlandhard-
wood forestsin the United States.As much as
96 % of thelossof bottomlandhardwoodforests
in the LMAV has beendue to conversionto
agriculture(MacDonaldet al. 1979,Department
of theInterior 1988).

Betweentheearly1800sand1935,aboutone-
half of the original forestswerecleared.A later
surgein forestclearingfor agriculturetookplace
in the 1960sand 1970sin responseto a rise in
soybeanprices(Stemitzke1976).Whenprices
eventuallyfell, land that wasmarginalfor agri-
cuhurebecauseit wasstill subjectto spring and
earlysummerbackwaterflooding becameidle.
Theseare the lands that are now available for
afforestation.

Overthelast25 yrs, scientistsat theSouthern
HardwoodsLaboratoryin Stoneville,Mississip-
pi havedevelopedmostof theartificial regener-
ationmethodsusedtodayin afforestationof hot-
tomlandhardwoods.In this paper,we providean
overviewof afforestationefforts in theLMAV.
Strategiesvary by landownerobjectivesandare
driven mainly by public programssupporting
afforestation for water quality protection and
wetlandsrestoration.Weprovidea summaryof
public andprivateprogramssupportingaffores-
tation of economicallymarginal farmland and
describecommonpracticesof artificial regener-
ation, including examplesof afforestationpro-
gramsthathavedifferentobjectives.

Afforestation primarily is occurring in the
LMAV statesof Louisiana,MississippiandAr-

Table 1. Actualandpotential afforestationin theLowerMississippiAlluvial Valley, by programandagency.

Program

Agency
2 1995

Area (ha)’

Planned to 2005 Total

Wildlife refuges USFWS 5180 10000 15180
Wetlandmitigation COE 2025 9700 11725
Stateagencies MS.LA, AR 13500 40500 54000
WetlandsReserveProgram(WRP) NRCS 53000 47750 100750
Total 73705 107950 181655

Estimates furnished bypanicipants at the workshop on Artificial Regeneration of nottomland Hardwoods: Reforestation/Restoration
ResearchNeeds”, heldMay 11—12, 1995 in 5toneville, Mississippi.

2 U5Fw5~U.5. Fishand wildlife 5ervice;cOE=U.5. Army cot-psof Engineers;M5=Mississippi; LA=Louisiana; AR=Arkansas:
NRC5=tJ.S.Natural Resourcesconsei-~’ation Service,formerly 5oil consenation Service.
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Fig. 1.Cross-sectionof atypical floodplain,showingtheapproximaterelationshiphetween
sitetypes.

kansas, although restoration is taking place
throughouttheSouth.Afforestationin theLMAV
is drivenprimarilyby acquisitionof landby pub-
lic agenciestoenlargefederalwildlife refugesand
to mitigateor offset wetlandlossesdue to con-
structionfor flood control;by stateprograms;and
by public policy initiativessuchas theWetlands
Reserve Program (WRP) on private land.
Through1995,approximately74000haareunder
afforestationplans,mostlyonprivateland(Table
I). Afforestationwill increaseover the next 10
years,so that 182 000hashouldbein afforesta-
tion schemesin theLMAV, primarily in thestates
of Mississippi,Louisiana,andArkansas.

2 SiteandSpecies

2.1 Species/SiteRelationships

Successfulafforestationof marginalfarmlandin
theLMAV requiresanunderstandingof sitevar-
iation within flootiplains and site requirements
of thespeciesto beused.Althoughmostaffores-
tationareasareflat, largedifferencesin sitequal-
ity exist, and many afforestationefforts have
failed becausethese differenceswere ignored.
Elevationalchangesof only a few inchescan
havea markedeffecton thesiteandthereforeon
speciesoccurrenceanddevelopment(Hodgesand
Switzer1979).Differencesin hydrology,partic-
ularly drainageand soil moisture, are clearly
associatedwith theseminor elevationaldiffer-
ences.Otherfactorsalso vary accordingto ele-
vation, suchas soil type, texture,structure,and

pH. All thesefactors affect which speciesare
suitablefor thesite.

2.2 SiteCharacteristics

The origin anddevelopmentof floodplain geo-
morphic features were discussedby Hodges
(1994)anddetaileddescriptions,includingrela-
tive elevation, soil types, drainageclass,and
productivity are given in Hodgesand Switzer
(1979)andHodges(1997).In summary,thefronts
and ridges (formerfronts) are the highest,best
drained, and most productivesites within the
floodplain (Fig. 1). Soils are generallysandyor
silty barns.Soils on theflats are predominantly
claysandthe sitesarepoorly to somewhatpoor-
ly drained.Sloughsandswampsarisefrom old
streambedsthat are filling with sediment.The
soils are usually fine-texturedand drainageis
poor. Standing water may be presentin the
swampsexceptin extremelydry years.Most of
the landavailablefor afforestationison theflats;
sloughsandswampswereseldomcleared,and
fronts andridgescontinueto supportactiveagri-
culture. Becauseof thegreat spatial variability
in floodplains,however,sites are often inter-
mixedso thatan areatobe afforestedis likely to
includeseveralsiteconditions.

2.3 SpeciesTolerancesto Flooding

Forsuccessfulregeneration,speciespreferences
and tolerancesmustbe matchedto sitecharac-
teristics,in particularto inundationregimes.Rd-
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Table 2. Speciestolerancein relationtoflooding timeandduration.

continuous flooding Periodic flooding

January—June January—May January—May January—April ianuary—Matcts

Taxodium
distichumL.
(Baldcypress)

Diospyros
virginianaL.
(Persimmon)

Liquidambar
styracifluaL.
(Sweetgum)

Platanus
occidenfalisL.
(Sycamore)

Quercus
shunsardiiBuckt.
(Shumardoak)

Quercus
lyrat’a Walt.
(Overcupoak)

Fraxinus
pennsylvanicaMarsh.
(Greenash)

Quercus
nigra L.
(Wateroak)

Populus
deltoidesBartr. ex.
Marsh.var. deltoides
(Easterncottonwood)

Quercasfalcata
var. pagodifoliaEll.
(Cherrybarkoak)

Carya
aquatica
(Michx. f.)Nutt.
(Waterhickory)

Quercus
laurifolia Michx.
(Swamplaurel oak)

Quercus
phellosL.
(Willow oak)

Carya
illinoensisWangenh.
(Sweetpecan)

Quercus
michauxtiNutt.
(Swampchestnutoak)

NyssaaquaticaL.
(Watertupelo)

Quercus
nutbaliji Palmer
(Nuttall oak)

Celris
loevigatawilld.
(Sugarberry)

SalixnigraL.
(Blackwillow)

ativeflood toleranceof bottomlandtreesis sum-
marizedin TabLe2 (seeMcKnight etal. 1981for
a morecompletecompilation).Few speciescan
toleratecontinuousflooding,especiallyif it ex-
tendsinto thegrowingseason.Baldcypress(Tax-
odium distichum L.) and water tupelo (Nyssa
aquatica L.) can survive extendedflooding of
their roots to a greaterextentthanotherspecies.
After leafout, seedlingscan withstandlimited
soil inundationif theirleavesarenotsubmerged
(Hook 1984).The choiceof speciesis greaterif
flooding is periodic,asis true on mostbottom-
landsitesin mostyears.

Inundationregimeis morecomplex,however,
than whethera site floods or not, andseedlings
are moresusceptiblethan maturetrees.Depth,
time, anddurationof floodingmustbe consid-
ered,andthestateof thefloodwater,particularly
flowing versus stagnant(Hook and Scholtens
1978). Inundationregimeis difficult and time-
consumingto measure,andnaturalregimesfre-
quentlyhavebeenaltered.An indicatorof flood-
ing regimeispublishedin soil surveys,andnear-
by landownersoften know of alterationsdueto
drainageandother factors not reflectedin soil
surveys.A flood historyfor at leasttheprevious
five years is recommended,to select suitable

species.Thechoiceof speciesshouldbe guided
by the upper, rather than the lower, level of
flooding.Most floodtolerantspeciescanbeplant-

edon driersites,butnotthereverse.

2.4 Soil Characteristics

Soil physicalconditions,root aeration,nutrient
availability, andmoistureavailability during the
growing seasonare other important factors to
considerin matchingspeciesto site (Stone1978,
BakerandBroadfoot1979).Bottomlandsoilsof
silt loam texturegenerallysuggestamoist, well-
drainedsite. Claytexturedsoilsusuallyindicate
a low-lying site that is periodically inundated.
Medium-texturedsoils aresuitableformostbot-
tomlandhardwoodspecies,with threepossible
exceptions.Survivalandgrowthof redoak spe-
cies are limited by high pH (more than 7.0),
although Shumard oak (Quercus shumardii
Buckl.) doeswell overpH 7.5 (Kennedy1984,
Kennedyand Krinard 1985). On former crop-
land,plow panscanoccur at 20 cm to 30 cm
depth that will limit root development.Inade-
quaterooting will affect survival, growth, and
windfirmess.Plow panscan be broken up by
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subsoilingbeforeplantingor direct seeding.On
formeragriculturallandorengineeredsites,min-
eraltoxicitiesornutrientdeficienciesmayoccur,
butthey canbe diagnosedby soil analysesand
corrected.Clay soils tendto beverywet in win-
ter andspring andvery dry in mid to late sum-
mer,presentingfeweroptionsfor selectingsuit-
ablespecies.Greenash(Fraxinuspennsylvanica
Marsh.)andNuttalloak(Quercusnuttaliji Palm-
er) bothtolerateperiodicflooding andgrowbet-
ter than otherspecieswhen available water is
low.

Broadfootdevelopedtwo methodsfor evalu-
ating sitesbasedupon soil characteristics.One
approachrequiresknowingwhich soil seriesare
presentandconsultingeither Broadfoot (1976)
or recently published soil survey reports that
include woodland suitability interpretations
(Francis 1985). A more complicatedapproach
involvesestimatingsite index,a measureof po-
tential productivity basedupon a tree’s height
growth over time (Baker andBroadfoot 1979).
Advantagesof this approachincludewidespread
applicability throughoutthesouthernU.S.,iden-
tification of soil seriesis notrequired,andguide-
lines for ameliorativetreatmentssuchas fertili-
zationareincluded(BakerandBroadfoot1979).
Disadvantagesinclude theneedforusersto esti-
mate soil conditionssuch as texture, compac-
tion, water tabledepth,organicmattercontent,
andpH (Francis1985).On theotherhand,most
soil scientistsandmanyforesterscanmakefield
estimatesof thesepropertiesthat producesite
index estimatesof sufficientaccuracyfor most
reforestationprojects.While site index is a use-
ful guide to inherentproductivity, thereis no
fixed rule for applying productivity measuresto
judgeafforestationpotentialfor wildlife andother
purposes.We havesuggestedthat a site be at
leastminimally acceptablefor a species,asde-
terminedby Baker andBroadfoot(1979). This
meansgrowthon a site is likely to range from
54 % to 63 % of themaximumproductivitylevel
for thatspecies(Stanturf1993).

3 AfforestationMethods

3.1 General

Two major afforestationmethodsare planting
seedlingsor cuttings, and direct-seeding.Both
methodscanbe doneby hand or by machine.
Suitability of afforestingseveral specieswith
thesestock typesis summarizedin Table 3. If
good quality seedlingsareplantedproperlyand
well caredfor beforeplanting, the chancesfor
successfulestablishmentarehigh(Kennedy1984,
Kennedyet al. 1987,Allen andKennedy 1989,
Allen etal. inpress).Plantinghastheadvantages
thatmore speciescan be planted,andit canbe
doneevenoncontinuouslyfloodedsites.Direct-
seeding,while limited to heavy-seededspecies
such as the oaks(Quercusspp.) and hickories
(Caryaspp.),costslessthan50 % of thecostof
seedlingplanting (Bullard et al. 1992). Direct-
seedinghas been successfulin every month

Table 3. Suitableartificial regenerationmethodsand
stocktypes for majorbottomlandhardwoodspe-
cies.

Planting nirect
Seeding

Species seedlings cuttings

Carya illinoensis x x
Caryaaquatica x x
CeUis laevigata x
Diospyrosvirginiana x
Fraxinuspennsylvanica xx’ x
Liquidambarstyraciflua xx x
Nyssaaquatica x
Platanusoccidentalis xx x
Populusdeltoides x xx
Quercusfalcata x x
var. pagod~folia
Q. laur~fo1ia x x
Q. lyrata x x
Q. michauxii x x
Q. nigra x x
Q. nuttallii x x
Q. phellos x x
Q. shumardii x x
Salixnigra x
Taxodiumdistichum x

xx = prefen~ed stocktype.
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(Johnson1983),andoperationallyit canbedone
for a month or longer beyondthe time when
plantingis recommended.

3.2 SitePreparation

Thebestsitepreparationon marginalcroplandis
to continuefarming thesiteuntil it is afforested.
Normalfarmingoperationswill controlwoodyand
herbaceousweedssothatoftennositepreparation
is needed.If a plow panhasdeveloped,disking
with a heavydisk at leasttwice in late summer
beforeplantingbreaksuptheplow panandcon-
trolsweeds.If a heavyweedcover hasbeenal-
lowedto developfromfallowing,diskingisadvis-
ableto reducecoverfor rodents.Plantingor direct-
seedingby machinewill beaidedby siteprepara-
tion andgenerallyresultin greatersurvival.

3.3 Seedlings

Suitablebare-roothardwoodseedlingsarelarger
thanthetypical pineseedlingplantedin thesouth-
ern U.S. Bare-roothardwoodseedlingsareusu-
ally 1-0 stock.Recommendedsizeis at least45
cm top length with at least 1 cm root collar
diameter(Kennedy 1993). Root systemsshould
bewell-developedwith severallateralroots,and
canbeprunedto 20 cm lengthto makeplanting
easier.

While bare-rootseedlingsare generallypre-
ferred,containerstockcanbeplantedlaterin the
seasonandthusextendtheplantingseason.This
may allow sitesthat flood into thegrowing sea-
son to be planted successfullywith container
stock after flood watersrecede,later in the sea-
sonthanisfeasibleforbare-rootstock.Oakseed-
lings grown inpotsmayhavehighersurvival on
“harsher” sitessuch as heavyclay soils with
vertic (shrink-swell)properties(Allen et al. in
press).Containergrown Nuttall oak seedlings
survivedfloodingbetterthanbare-rootseedlings
afterout plantingin one trial (Humphrey 1994).
Containerizedseedlingsaremoreexpensivethan
bare-rootseedlings,heavier,andmore difficult
to transportandplant.

Additional research, including side-by-side
comparisonsof bare-rootandcontainerstock,is

neededbefore definitive recommendationscan
begiven.The ability to extendtheplantingwin-
dow toincludefall, latespring andearlysummer
plantings will probably makecontainer stock
cost-effectivefor somepublic agencies(J.Kiser,
Corps of Engineers-VicksburgDistrict, pers.
comm.,May 1995).

Bare-rootseedlingssurvive best if they are
plantedwhile dormantin moist soil. Thesecon-
ditions are obtainedin the southernU.S. from
Januarythroughmid-March.Plantingcanbegin
asearlyasNovemberif antecedentprecipitation
hasrechargedsoil moisture(Kennedy 1979).If
seedlingsarekeptdormantincold storage,plant-
ing may be extended into May (Allen and
Kennedy 1989). The most frequentlimitations
on plantingareexcessivecoldandflooding.Sub-
freezingtemperaturescauseroot death,resulting
in low survival.While flood tolerantspeciescan
beplantedin standingwater,evenhand-planting
is easierif soilsaremoistbut notflooded.

Seedlingscanbe handplantedusinga dibble
baror shovel,or machineplanted.Plantingma-
chineswork well in moistsandyandloamysoils,
butclay soilsadhereto partsof the planterand
hinder movement(Allen and Kennedy 1989).
An experiencedhandplantercanplantup to 800
seedlingsin a day under ideal conditions. An
experiencedtwo- or three-personmachineplant-
ing crew can plant 4000 to 8000 seedlingsper
day(Allen andKennedy 1989).

3.4 Cuttings

Planting unrootedcuttings of five specieshas
provensuccessful(Table3),andisthemostcom-
monmethodof afforestingEasterncottonwood
(Populusdeltoides Bartr., ex Marsh. var. del-
toides). One advantageof cuttings over other
stocktypesis theability to plantgeneticallysupe-
rior clonalmaterial.Presentlythis isimportantfor
cottonwoodonly, butlikely to increasein impor-
tancefor otherspecies(R. Rousseau,Westvaco
Corp.,pers.comm.,May 1995).Cottonwoodcut-
tingsare producedfrom wands,which are them-
selvesproducedin stoolbeds.Wandscanbepro-
ducedfromroot stockfor threetofouryears,then
the nurserymust be re-established(McKnight
1970).Undergoodnurseryconditions,wandswill
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reachheightsof up to5 m in oneyear.Cuttings51
cm longareproducedfromdormantwands.Cut-
tings shouldbe atleast6 mm diameterat thetop
(small) end. Researchon survival andplanting
techniqueshasshownthat cuttingslongerthan51
cm do not increasesurvival,but theydo increase
costs(McKnight 1970).

Planting optionsfor cottonwoodcuttings are
similar to options for bare-rootseedlings.The
plantingwindow fordormantcuttingsis Decem-
berthroughMarch,andcuttingscanbe hand-or
machine-planted.Cuttingsare plantedabout45
cm deep,with 5 cm aboveground.Leavingonly
a small amountof the cutting abovegroundre-
ducesthe likelihoodof developingmultiple-stems
(McKnight 1970).Additional informationon cot-
tonwoodcultureis givenbelow.

Greenash hasbeensuccessfullyregenerated
from both horizontal and vertical cuttings
(Kennedy 1977), but only from cuttings made
from 1-0 nurserygrown seedlings.Horizontal
plantingof cuttings25 cm to 36 cm long in slits
2.5 cm to 5.0cm deep,or verticalplantingof 38
cm long cuttingshasbeensuggestedas an alter-
native to planted seedlings (Kennedy 1977).
However,where thereis a dangerof long peri-
odsof standingwater, seedlingsare betterthan
cuttings. Seedlingswere largerafter onegrow-
ing seasonthaneitherhorizontalor verticalcut-
tings,althoughall materialgrewthesameamount.

3~5 Direct=Seeding

Direct-seedingis a widely usedmethodof affor-
estationin the LMAV. Only heavy-seededspe-
cies of Quercus spp. and Catya spp. can be
direct-seededwith a strong likelihood of suc-
cess.Many earlytestswerewith Nuttall oakand
it continuesto be the mostpopular speciesto
direct-seed.At least six otherred oak species
(Erythroba/anus) and four white oak species
(Leucobalanus)havebeendirect-seededsuccess-
fully (Table 3). Most attemptsat direct seeding
light-seededspecies(Fraxinus spp.,Ulmusspp.,
Liquidambar styraciflua) havefailed (Allen et
al. in Press).Failures havebeen attributedto
drought stressshortly after germination,flood-
ing after germination,or predationby birds and
rodents.

Initial trials with direct-seedingwereconduct-
ed in natural stands undera completecanopy
and in small openings(<0.004ha) createdby
removingsinglelargetrees.Thesetrials general-
ly resultedin completefailure becauseof rodent
depredation(Johnsonand Krinard 1987). Fur-
ther researchwith larger openings has estab-
lishedthat openingsgreaterthan oneha canbe
successfullyregeneratedby direct-seeding(John-
son and Krinard 1987). Competingvegetation
mayposemoreof a threatto newgerminants,as
oaks are notoriously slow to developabove-
ground.Germinationandsurvival as high as 80
percenthasbeenattainedin researchtrials,but
35 percentgerminationis moretypical forcom-
mercial sowings.Recommendedratesare 1730
to 2470soundacornsha’ on mostsites.On sites
that havelain fallow for a few years,are weed
infestedand likely to havehigh rodentpopula-
tions, the rate should be higher: 2964 to 3705
acornsha’ (Allen et al. in press).This should
produce741 to 1235, I-year-old treesha-1, a
numbersufficientfor mostobjectives.

Seedcollection is the greatestchallengein
direct-seeding(Kennedy1993).Collectionsmust
be madebetweenOctoberand February,after
acornshavefallen. Acornsof red oak species
can be storedup to five years in cold storage
(Bonner1973,BonnerandVozzo 1987,Bonner
et al. 1994).Generally,acornsof white oak spe-
ciescannotbestoredlongerthanfourmonths,as
theynaturallygerminateafterfalling.

Direct-seedingcanbeconductedfrom Novem-
ber throughJune,dependingupon site flooding
frequency.While direct-seedingof Nuttall oak
hasbeensuccessfulin everymonth,July through
Octoberare usually too hot and dry (Johnson
and Krinard 1987, Wittwer 1991). Seedsthat
germinatein cold storagecanstill be sownand
will producesuitableseedlings,evenif their radi-
desare brokenoff (Bonner1982). Seedssown
2.5 cm to 15 cm deepwill germinateandpro-
duce seedlings,although 5 cm is the recom-
mendeddepth.Deepersowingmay be worth-
while whensurfacedrying or rodentpilferageis
likely. Normal spacingis rows 3 m to 3.6 m
apartandacorns1 mto 1.5m apartwithin rows.

Mechanicalplantingandsowingare fasteron
cleansiteswith slopesless than 10 %. Modified
agriculturalplantershavebeenusedsuccessfully
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Table 4,Comparisonofthe costof direct-seedingversusplantingseedlingsof oaks
in theLMAV. (Source:Data are from Bullard et al. 1992and shownin 1989
dollars).

Activity costs,do11ar~h~r
t

Direct-Seeding Planring

Sitepreparation(bush-hoggingor dishing) 12.35 12.35
Seeding/Planting 86.45 86.45
Acorn/Seedlingmaterial 61.75 284.05
Total costs $160.55 $382.85

for direct seeding,although some new equip-
ment hasbeendevelopedfor acorns.Machines
used for direct-seedingare modified one- and
two-row grainplanters.Somedrop acornsauto-
matically, othersrequirean operatorwho drops
acornsat specifieddistances.A broadcastseeder
hasbeenusedin trials in Louisiana(Allen et al.
in press).Aerial seedinghasbeenshownin small
trials tohavepotential,althoughmorework needs
to be doneto optimize thedelivery systemand
themethodof burying acornsafter sowing(Al-
len et al. in press).Typical ratesof direct-seed-
ing are 12 to 16 ha perday for a three-person
crew using machines,to 2 ha per day for one
personsowingby hand.

Successrates with direct-seedinghavebeen
good.Failuresareusuallydue to poor handling
of acorns,or to adversefield environmentsfol-
lowing sowing. Flooding andhigh water tem-
peraturesare a deadly combinationfor newly
germinatedacorns(JohnsonandKrinard 1985),
suchasoccurduringMay or Juneflooding. This
mayfollow a dryMarchandApril, duringwhich
acornshave successfullygerminated.On sites
whereextendedfloodingis likely during theear-
ly portion of the growingseason,acornsshould
be kept in cold storageand sown after flood
watersrecede(JohnsonandKrinard 1987).

3.6 Direct..SeedingVersusPlantingSeed-
lings

Advantagesof plantingseedlingsincludeawid-
errangeof speciesanda widerrangeof sitesand
conditionscanbetolerated.While extendedpost-
plantingfloodingdamagesmostseedlings,taller

plantedseedlingsmay extendabovefloodwaters
and survive. On the other hand,the planting
window for seedlingsis narrowerin the South
thanfordirect-seed.

Themainadvantageof directseedingis poten-
tially lower costs(Bullard et al. 1992, Allen et
al. in press).Thiscomesabout in two ways: all
thecostsof growing andhandlingseedlingsare
avoided,andplantingacornsisusuallylesstime-
consumingthan seedlings.Themajor disadvan-
tagesof direct seedingarethat theplantsarein
morevulnerablestagesof developmentlonger,
so that the risk of poor survival and possible
failure is greater.Bullard et al. (1992)compared
theeconomicsof direct-seedingandplantingoaks
on afforestedsites.Thesignificantadvantageof
direct-seedingwas the lower cost for material
(Table 4). Although direct-seedingis quicker
andeasierthan plantingseedlings,thetechnique
is relativelynewto contractorsandno pricedif-
ferential wasoffered(Bullard et al. 1992).They
concludedthat the primary advantageof plant-
ing seedlingswasthatin agivenyear,theoverall
probabilitywasgreaterof achievinganadequate-
ly stockedstand.Allen (1990)reacheda similar
conclusionfrom his surveyof oak plantingand
direct-seedingon wildlife refuges.

4 GrowthandProduction

4.1 General

Establishmentproblemswill be apparentwithin
the first two yearson afforestationsites. Com-
pletefailuresdooccur.Mortalityandpoorgrowth
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Height, m

Fig. 2a,Height growth of four oak (Quercus)species
planted at two spacingson a minorbottom site.
(WO = Q. nigra, NO= Q. nuttaliji, CBO = Q.fal-
cata var. pagodifolia, SCO = Q. michauxii;

= spacingof 2.44mby 2.44m and 2 = spacing
of 3.66mby 3.66m. Source:Kennedyetal. 1988,
p. 84).

arecausedby manyfactors:extendedpost-plant-
ing drought or flooding; poorplantingor seed-
ing practices;poor quality seedor seedlings;
animal depredation;or herbicidedrift from aen-
al applicationtonearbycropland(Kennedy1993).
Sometimestheslowinitial growth,especiallyof
oaks, gives the appearanceof failure because
seedlingsare hidden by profuse stands of tall
weeds.

Early weedcontrol, mechanicalor chemical,
mayincreasesurvival andspeedearlygrowthof
seedlings,butbenefitsmaynotjustify costs.Kri-
nardandKennedy(1987a)comparedgrowth of
six hardwoodspecieson aformerlyforestedShar-
key clay soil (very-fine, montmorillonitic, non-
acid, thermic, vertic Haplaquepts) that was
mowed or diskedto control weeds.Plots were
treatedthreeto five times annuallythe first 5
years.Mowing provided no advantageover no
weedcontrol for thefirst 4 years(Kennedy1981)
and therewasno differencebetweenmowedor
disked treatmentsafter 15 years (Krinard and
Kennedy 1987a).Becausecompetitorson old-
field sitesdiffer significantly, theseresultsserve

Height, m

20

Fig. 2b.Heightgrowthof Nuttall oak(Q. nuttaliji ) on
a SharkeyClaysoil; control plotsmeasuredat age
4 and at age16; mowedand disked plots meas-
uredat ages5, 10 and15 years.(Source:Krinard
and Kennedy 1987a,p. 2; Krinard and Kennedy
1987b,p. 2).

only to cautionthatexpendituresfor weedcon-
trol maynotbewarranted.

Intensivecultivation is recommendedfor the
first yearin cottonwoodplantations(McKnight
1970). High survival andbest growth of syca-
morewasobtainedwithclearcultivationfor 1 or
2 years,althoughit is possibleto successfully
establishsycamoreplantationswithoutweedcon-
trol (Briscoe1969).Disking oftenproducessig-
nificantly greatergrowth than mowing (Aird
1962,Fitzgeraldet al. 1975,Kennedy 1984).

4,2 OakPlantings

Most speciesof bottomland oaks grow slowly
the first severalyears,typically 30 cm to 60 cm
in height growth annually.If seedlingsare not
overtopped,heightgrowth will increaseto over
I m annually(Kennedy1993).Fouroak species
(Kennedyet al. 1988) establishedwith 1-0 bare-
root seedlingsrangedin height from 4 m for
swampchestnutoak (Q. michauxiiNutt.), to 8.1
m for wateroak(Q. nigra L.) at age10 (Fig. 2a).

6
Age, yr

L
0 5 10 15

WOl ±W02 -~ NOl -~ N02 Year

-.-cBOl -x 0B02 -~-SCO1 -6-S002 -6-Control -~- Mow -e-Disk
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Fig. 3a. Eighteen-yearaveragediameter,height, and
volumefor sweetgum(Liquidambarstyraciflua)
grownon two soil types in Mississippi. (Source:
Krinard andJohnson1985,p. 7).

The site wasarelatively infertile, minorbottom
in Arkansasbutgrowth wasgood.Swampchest-
nut oak was the slowest growing in the first 6
years,probably due to the small seedlingsthat
wereavailableforplanting(Kennedyetal. 1988).

On a Sharkeyclay soil,Nuttall oakplantedat
3 m x 3 m spacingandno weedcontrol averaged
81 percentsurvivalafter 16 years.Heightgrowth
wasonly 6 m (Fig. 2b), as opposedto thebetter
growth on theArkansassite after only 10 years
(Fig. 2a). On the Sharkeyclay (Fig. 2b),mowing
betweentherows annuallyfor 5 yearsincreased
height growth of Nuttall oakto 7.9 m at age 15
years(Krinard andKennedy1987a,b).

Nuttall oakwasdirect-seededon an intensive-
ly preparedSharkeyclay soil at theDeltaExper-
imental Forest near Stoneville, MS (Johnson
1983). Germinationaveraged36 percent.Initial
spacingbetweenplantingspotswas0.6m (5380
acornsha~1).Of the treesalive at the endof the
first year,96 percentwerestill aliveat theendof
11 years.Many of thetreeswereovertoppedbut
1360Nuttall oak seedlingsperhectarewere in a
free-to-growposition at age 11 years.Diameter
at breastheight rangedfrom 4 cm to 7 cm, and
averageheight was5.1 m.

Height, m

Fig.3b.Averageheightof fourhardwoodspeciesgrow-
ingon a SharkeyClaysoil. Treatmentwasdishing
annuallyfor the first five years.Controlplotsmeas-
ured at age 16 and disked plots at age15 years.
Sweetpecancould notbe measuredreliably due
to the numberof water hickory (Carya aquatica
(Michx. f.) Nutt.) sproutspresent,butsurvivalwas
probably low. (Source: Krinard and Kennedy
1987a,p. 2; Krinard andKennedy1987b,p. 2).

4.3 SweetgumPlantings

Growth variesconsiderablyby soil type; most
bottomlandhardwoodspeciesgrow beston me-
diumtexturedsoilssuchas Commercesilt loam
(fine-silty,mixed, nonacid,thermicaericFluva-
quents)andlesswells on claysoils suchas Shar-
key. A comparisonof two sweetgumplantations
inMississippiillustratesthesedifferences.At the
samestocking,sweetgumon theCommercesoil
was75 percenttaller, andnearlyfive timesmore
volumeandweight(Figure3a;Krinard andJohn-
son1985,Krinard 1988).Thinningat age12 re-
ducedstockingin theclay soil to 4.25 m x 4.25
m. The standon the silt loam soil was thinned
twice. Alternatediagonalrowswere removedat
age6, andhalftheremainingtreeswereremoved
at age30, leavinga spacingof 6 m x 6 m. Re-
measurementafter31 yearsshowsgreaterbasal
areaonfewertreeson themoreproductiveCom-
mercesilt loamsoil (Table5).

Pecan Sweetgum Greenash Sycamore Cottonwood
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4.4 GreenAsh Plantings

Greenash is a valuablebottomlandhardwood
speciesfor timberbut hasnot beenfavored in
afforestation for wildlife. Krinard (1989) com-
pared three greenashplantings of different ages
planted on Sharkey (clay),Commerce(silt loam),
and Tunica-Bowdre (clayey over loamy,
montmorillonitic, nonacid, thermic vertic Hap-
laquepts and thermic fluvaquentic Hapludolls)
soils. All plantingswere at 3.67 m by 3.67 m
spacingsexceptthe Sharkeyplantingwas 3.05
m by 3.05 m spacing and thinned at age 10.
Plantingson the CommerceandTunica-Bowdre
soils grewthe fastest.Meanannual increments
of averagediameterandheightgrowthwereabout
12.5 mm y~

1 and 1.22 m yr’ (Table 6). Mean
annual incrementvalues for the Sharkey soil
werelower,7.6 mmyv1 in diametergrowth and
0.76m yr’ in heightgrowth. Survivalexceeded
80percenton all sites.Krinard (1989)concluded
that spacingswider than 3.67 m by 3.67 m were
not advisablefor green ash becauseof forking
problems.

Table 5. Comparison of growth of sweetgum
(Liquidambarslyractflua)plantationson two soil
types after 31 years. (Source:J. Goelz, unpub-
lisheddataonfile at SouthemHardwoodsLab.).

Density Basal Area DBH (Oq)
alemaha~ m2 ha1 cm

CommerceSilt Loam 227 24.4 37.1
SharkeyClay 505 15.8 19.8

4.5 Comparisonsof SeveralSpecies

Relativegrowthratesamongspeciesplantedon
the samesoil type and receiving similar cultural
treatments illustrate adaptations to soil types.
Growth on the clay soils that are available for
afforestation is lower than growth on medium
textured soils, thus thesesitesmay not be suit-
able for timber production alone. Krinard and
Kennedy(1987a)reportedonfive hardwoodspe-
ciesplantedon a Sharkeyclay soil, diskedfor
thefirst 5 yearsto controlweeds,andselectively
thinnedafter5 yearsto doubletheoriginal plant-
ing spacing.By age15, averageheight was in
the order sweetpecan(Carya illinoensis L.) <

sweetgum< greenash< sycamore< cottonwood
(Fig. 3b). At age 16, treesgrowing on control
plots(no weedcontrol,no thinning)weresmall-
erbut heightgrowthrankingwasthesame(Kri-
nardandKennedy1987b).

5 AfforestationProgramsand

Strategies

5.1 PublicPrograms

In 1987, the United StatesFish and Wildlife
Service(FWS) begananaggressiveprogramin
theLMAV to restorebottomlandhardwoodeco-
systems(Hayneset al. 1993).Thiseffortwasnot
limited to existingwildlife refuges,andincluded
reforestationof privatelandsandforeclosedfarm-
land transferredto the FWS fi~om the Farmers
Home Administration, anotherfederalagency.
The FWS strategyhasbeento afforestthe most
land, at the lowest unit cost per hectare.Site

Table6. Standparametersof threegreenash (FraxinuspennsylvanicaMarsh.) plantingson
representativesoil typesin the LMAV. (Source:Krinard 1989,Table I).

5oil Type Age
yrs

Dbh
cm

i-It
m

BasalArea
m2ha’

Cubic volume
m3 ha’

Treeshat

Sharkey 15 11.9 11.2 6.0 31.9 504
Commerce 13 16.0 15.7 13.3 101.2 635
Tunica-Bowdre 11 15.7 13.6 14.7 78.4 702
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preparationis minimal; weedson fallow sites
are reducedusinga bushhog or fire plow, fol-
lowedby diskingonceor twicejustbeforeplant-
ing (Hayneset al. 1993).Spacingmaybegreater
(7.32m by 7.32 in), thegoal is to guaranteethe
hard mastcomponent.Allen (1990) reviewed
operationalplanting and direct-seedingon ten
sites on federalwildlife refugesandconcluded
that plantingseedlingsis preferredoverdirect-
seedingif theobjectiveis to quickiy afforestold
fields. A summary of afforestationefforts by
agencyis givenin Table 1.

TheArmy CorpsofEngineersis restoringhot-
tomlandhardwoodforeststo mitigatefish and
wildlife habitatlossescausedby waterresources
projects,primarily constructionfor flood con-
trol. OneambitiousmitigationprojectistheLake
Georgeproperty in the Yazoo River Basin in
Mississippi(Corpsof Engineers1989).The site
is characterizedby Sharkey-ForestdaleAssocia-
tion soils, backwater flooding in winter and
spring,andpoordrainage.Theagency’sstrategy
has beento treatthe wettestsitesfirst, leaving
driersites in activeagricultureto lower overall
project costsby revenuefrom leasing,and to
controlweeds(lower sitepreparationcosts).Bare-
root seedlings(sweet pecan,willow oak, Shu-
mard oak, cherrybarkoak (Q. falcata var. pa-
god~folia Ell.) areplantedat 3.66 m by 3.66m
spacing,andcontainerseedlings(water tupelo
and water oak) at 4.27 m by 4.27 m spacing.
Only S % of theareawill bedirect-seeded.

StategovernmentagenciessuchastheLouisi-
ana Departmentof Wildlife and Fisheriesand
the MississippiDepartmentof Wildlife, Fisher-
ies and Parks also have undertakenambitious
restorationprojects.More than 2000 ha near
Monroe,Louisianaarebeingrestoredby theLoui-
sianaDepartmentof Wildlife andFisheries(Sav-
ageet al. 1989,Newling 1990).The Mississippi
Departmentof Wildlife, FisheriesandParks is
restoringmorethan400hanearGreenwood,MS
(Newling 1990). Participantsat a recentwork-
shopestimateda total of 54 000 ha are sched-
uled for afforestationby stateagenciesin Mis-
sissippi,Arkansas,andLouisiana(Stanturf,un-
publisheddata,Table1).

The federal ConservationReserveProgram
(CRP) in 1980 beganto subsidizeestablishing
permanentvegetative cover on erodible crop-

land.Whenreauthorizedby Congressas partof
the 1985FoodSecurityAct (popularlyknownas
theFarm Bill), theCRPincludedwetlandscon-
vertedto cropland(Kennedy1990).A landown-
erparticipatingin CRP reservestheland for 10
yearsin returnfor reimbursementof someaffor-
estationcostsandan annualpayment,perhec-
tare.By the ninth enrollmentyear (1989),more
than 20 000 ha of wetlandsin the LMAV were
placed into the CRP(The Nature Conservancy
1992). An unknown portion of this land was
afforested,thusTableI doesnot includeanesti-
mateof CRPland.

The Wetland ReserveProgram(WRP) was
includedin the 1990 Farm Bill and set a maxi-
mum sign up of 400000ha nationwide.A pilot
programin 1992in eightstateswasexpandedto
20 statesin 1994. Three statesin the LMAV,
Mississippi, Arkansas,andLouisiana,were in-
cluded.More land wassubmittedin thesethree
states(200000 ha) than could be acceptedbe-
causeof financial limitationson theprogram.In
1995,Congressauthorizedanadditional$92 mil-
lion. The federalNatural ResourcesConserva-
tion Service administersthe program and ex-
pectsa totalof 100 750hato beafforestedin the
LMAV by 2005 (Table 1). In returnforaperma-
nent easementthat removesthe land from agri-
cultural production,the governmentsharesthe
cost of afforestationand provides a one-time
paymentbaseduponthefair marketagricultural
valueof the land.TheWRPwill only reimburse
afforestationcostsfor 741 stemshan,which is
insufficient for commercialforestmanagement.
Discussionof incorporatingtimbermanagement
into WRP has begunto remove some of the
uncertaintysurroundingfuturemanagementop-
tions.

5.2 OtherPrivateEfforts

Many privateefforts thatdo not dependon fed-
eralcost-sharingprogramshavefocusedon hard-
woodplantationsforproducingfiber. FitlerMan-
agedForestnearOnward,Mississippicomprises
4000ha of easterncottonwoodplantations.Fit-
ler is ownedby CrownVantage(formerlyJames
River Timber Corp.) and intensively managed
for pulpwood production. Intensive plantation
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Table 7. Financialanalysisfor aprivatelandownerof a
cottonwoodplantationon a 10-yearpulpwoodro-
tation.(Source:I. Portwood,CrownVantageCorp.,
pers.comas.,July 1995).

contract
t No contract

Yield
Stumpage
Expenses
CapitalCosts

1122
l7.24~

27~
398~

112
13.24

27
583

Ton ha1(green)
$US Ton-1(green)
$US
$US ha’

GrossIncome 1483 1483 $US ha-1
Net Income 1058 873 $USha’
Intemal Rate
ofReturn 10% 4%

If a landownerenters into a contract with crown vantage,to
offer Oral rightson stumpageat fair market value,crown
vantageprovides cuttingsat no coat. Otherwise,market price for
cuttings is $1J5 250 for 1000cuttings.

2 Yield ona medium-textured soil such as Tunica-nowdre.
Pulpwoodstumpage,inflated 26% over summer 1995values.

‘~ Annual costssuch as taxes,estimatedas Si ha’ over an li-year
pertod.
costdifference betweencontract and no contract is the price of
cuttingsat planting density of747 stemsha’.

establishmentincludes two-passdisking,3.7 m
row marking,applicationof liquid nitrogenferti-
lizer (50/50 ammonium nitrate and urea, 112
kg-N ha-’), hand planting of improved clonal
cuttings and the application of pre-emergent
herbicides.Mechanicalcultivation includesas
many as threetwo-passdiskings the first year,
andinsecticidesandadditionalmechanicalculti-
vationthesecondyear.Totalestablishmentcosts
are $583 ha-1. Landownersinterestedin the
Crown Vantagecost-sharingprogrammay use
afforestationto createwildlife habitat, in addi-
tion to fiber production.The companypaysfor
the cuttings(about $185 hat), and landowners
agreeto give first right of refusalfor the timber
at rotation (10 years),at marketvalue.A finan-
cial analysisfor cottonwoodon former agricul-
tural landis givenin Table7. Net incomefrom a
10-yearrotation is $873 ha’, with no contract;
and$1085 ha-1 undercontract.Internal ratesof
returnare4 % and10 %. All costsareestimates
of what a privatelandownerwould haveto pay
to contractfor silviculturaloperations.

5.3 AfforestationStrategies

Afforestation on marginal agricultural land in
theLMAV relieson usingnativespecies,plant-
ed mostly in single-speciesplantations.Choice
of specieson a site is guidedby landownerob-
jectives,speciestoleranceto flooding, andsoils.
Hardmastproducingspeciessuchas oaks and
sweetpecanare favoredfor their valueto wild-
life, especiallyonpublic land.Oakplantingsare
widely spaced,to allow naturalinvasionof other
species.Windandwaterdispersalarereliedupon
to establishsoft mastproducerssuchas sweet-
gum, sycamore,the ashes,and theelms.While
generallysuccessful,sitesthatdonot flood often
andaremorethan 100asfroma seedsourcemay
not seedin with light seededspecies(Allen and
Kennedy 1989, Allen 1990). This strategycan
bestbedescribedas extensive,or least-cost.In-
creasingly,it iscalledintoquestionon two counts:
coulda moreintensiveapproachprovideamore
diverselandscapemorequickly, and is this ap-
proach appropriateif a landowner’sobjectives
includetimberproduction?While wecannotan-
swerthesequestionsdefinitively with our cur-
rentknowledgeof the growth anddevelopment
of plantations,they canbeexaminedwithin the
context of specific examples,recognizingthat
landownership(public or private) is an impor-
tantfactor in determininglandownerobjective.

6 FutureDirections

Up to 200000ha of marginalagricultural land
in the LMAV could be afforestedoverthe next
decade.Recentmodificationsto the WRP, pro-
viding for a 30-yearterm insteadof a perpetual
easement,could make the programevenmore
attractive(Shepard1995).Risingstumpagepric-
es for hardwoodsand changesin agricultural
pricesupportsmight tip the balancein favor of
privateafforestationon marginalfarmland,par-
ticularly if economicincentivesfor carbonse-
questrationcould be capturedby landowners
(Shepard1995). Experiencewith the Conserva-
tion ReserveProgramarguesthat an aggressive
technologytransferprogramwill be neededto
provide landownerswith information on grow-
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ing andmarketingtrees(Esseket al. 1992).
Scant provisionhas beenmadefor manage-

mentof afforestedareas,on public andalso on
privateland.Wildlife managersbelievethe ex-
tensive, low-cost strategy describedabove is
sufficienttomeettheirobjectives.However,man-
agers will havefew options for manipulating
theseunderstockedstands to further enhance
wildlife habitat.

Privatelandownerswho utilize WRPto affor-
esttheir marginalcroplandwith the intentionof
generatingincome through future timber har-
vestingwill bedisappointed,unlesstheyarepre-
paredto investin denserplanting.The stocking
that will result from typical WRPafforestation
schemeswill notbe sufficientto supportapulp-
wood thinning at age20 or 30 (J. Goelz, U.S.
Forest Service,pers. comm., May 1995). Fur-
thermore,it is uncertainwhetherlandownerswill
be allowedto harvestWRP plantings.Although
an “official” interpretationof the languageof the
easementhasnot beenmade,public opinion in
the United Statesis not generallysupportiveof
harvestingandvegetationmanipulation.

Concernsfor restorationof wetlandfunctions
will play anincreasingimportantrole in affores-
tation programs.Overstoryspeciesdiversity in
predominantlyoak plantingsis expectedfrom
dispersal of light-seeded species by natural
agents.Observationssuggest,however,that dis-
persalinto plantingsmorethana hundredmeters
from natural standsis ineffective (Allen 1990).
Thusoneresponseto theartificial appearanceof
plantingshasbeento plant in wavy lines, thus
avoidingtheregularityof straightrows.

Modificationsto establishmixed speciesstands,
with a canopystructurethat approximatesnatu-
ral stands,havebeensuggested.Recommenda-
tions forestablishingmixed standshavebeento
plant specieswith similar flood tolerance,soil
preferences,andheightgrowth rates.Suchmix-
turesincludechen-ybarkandShumardoaks;Nut-
tall and overcup (Q. lyrata Walt.) oaks; syca-
more andgreen ash; sweetgumandwater oak;
and cypress,greenash,overcupoak,andNuttall
oak.Most plantingsfollowing theserecommen-
dationshavebeenblock plantingsor singlespe-
cies rows. This speciesdumpiness,however,
doesnotmimic naturalconditions.

Establishingunderstoryandmidstoryspecies

in afforestationprogramsis easy, in principle,
but practicalguidelinesare unavailable.Meth-
odsfor establishingtruemixturesof shadetoler-
antunderstoryandmidstoryspecies,alongwith
intolerant overstoryspecies,requiresinforma-
tion on how speciescompetewith each other
during earlystand development.In additionto
inherentgrowthrates,competitiveability is great-
ly affectedby soil propertiesand flooding fre-
quencyandduration.

Mostafforestationworkoccursin smallpatch-
es,exceptfor a few largepublic projects.While
therehasbeenmuchdiscussionof theeffectsof
forestfragmentationonwildlife, particularlyarea-
sensitive,interior dwelling neotropicalmigratory
birds (Robbinset al. 1989),therehavebeenfew
opportunitiestoexaminethebenefitsof reforest-
ing in largeblocks.The LakeGeorgeMitigation
siteprovidesan opportunityto examinethis and
the relatedquestionof whethertravel corridors
betweenlargepatchesofexistingnaturalforestis
anetgain or lossfor wildlife diversity.
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